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This  series  of  tests  was  condu.^ted  to  detemine  the  fatigue  resistance  of: 

1*  Bonds  that  contained  voids. 

2.  Bonds  that  had  been  repaired  by  injecting  adhesive  into  the 
unbonded  area. 

SPECIMSNS! 

The  specinens  were  fabricated  in  accordance  with  Drawing  8-01672  (Reference 
Fibres  lA  -  ID).  Specinens  No.  1  through  16  were  revisions  (Reference  Figure 
1C)  of  the  original  type  and  were  given  the  designation  -40.  except  for  No.  3  and 
4  which  were  modified  -19  assemblies. 

Specimens  No.  17  through  26  were  -31  to  -35  assemblies  (Reference  Figure  IB). 
Specimens  No.  27  through  29  were  -21  assemblies  (Reference  Figure  ID). 

Specimens  No.  30  -  63  wore  -1  through -19  assemblies  (Reference  Figure  IC). 

Information  regarding  their  fabrication  beyond  that  given  in  Figures  lA  -  ID 
is  available  in  the  files  of  the  Materials  and  Processes  Laboratories. 

PROCEDURE: 

The  specimens  were  mounted  in  Sonntag  Fatigue  Testing  Machines  and  cycled  to 
failure  except  in  a  few  instances  idiore  the  number  of  cycles  exceeded  two  million. 
Some  of  these  specimens  werr -dissected  to  see  the  natuz^  of  the  void  mr  the  repair. 
Other  specimens  were  carried  on  to  failure  at  several  million  cycles. 

Specimens  of  each  of  the  three  types  of  loading  were  tested  as  follows: 

(1)  Tension  Nos.  1  through  16  were  tested  in  a  1-UA  Sonntag  Fatigue  Tasting 
Machine  (Reference  Figure  2). 

(2)  Bending  17-26  (Reference  Figure  3)  and  diagonal  27-29  (Reference  Figure 
4)  in  a  10-U  Sonntag  Fatigue  Testing  Machine, 

(3)  Specimens  No.  30-63,  tension  type  (Reference  Figure  2)  were  tested  in  a 
20-U  Sonntag  Fatigue  Testing  Machine. 
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PROCgmjftS  (Continued) 

The  diagonally  loaded  speolnens  wore  »3tub-iBetered**  to  survey  the  voided 
areas.  They  were  cycled  and  "stub-metered"  at  convenient  intervals  to  obeerve 
any  change  or  grotfth  of  the  voids. 

Void  detection  by  this  sMthod  was  only  approximate  as  foaming  and  paKial 
adhesion  confused  the  pattern. 

The  bond  allowable  used  in  the  beginning  was  2,000  psi.  This  was  increased 
to  4,000  psi  for  the  later  specimens.  The  fatigue  load  applied  was  4/9  of  the 
above  values. 

All  the  speeiaiens  were  loaded  100^  auudaun^to  0  2^  miniauffl  except  the 

diagonal  specimens  (Reference  Figure  4)  whidhl«nre  fully  reversed  *  100^  auudmum 
to  -100^  minimum. 

The  rate  of  cycling  was  1,800  cycles  per  minute. 

RESULTS! 

Tho  results  are  listed  in  the  accompanying  tables: 

Siumary  of  Table  I 

Tho  cycles  a*,  failure  fbr  1.0  in2  area  of  adhesive  metal  bond  loaded 
in  shear  to  4/9  of  S,000  pounds  (3,555)  was  5'>,d00  +  50^  average 
(Reference  Specimens  No.  1-4)* 

The  cycles  at  failure  of  bonds  with  1,0  ir)2  net  area  but  with  voids 
which  increased  the  perimeters  of  the  bonds  varied  from  166,000  cycles 
to  2,694,000  cycles  (Reference  Specimens  No,  4-8  and  12-14). 

Simmary  of  Table  II 

The  bending  and  diagonally  loaded  specimens  produced  no  void 
propagation  or  growth, 

SuMsary  of  Table  III 

These  tests  are  listed  to  indicate  that  none  of  the  bopd  and  void 
combinations  or  LiJectijon  repairs  significantly  influenced  the  fatigue 
life  of  this  group. 
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Sunmsrjr  of  Table  III  (Continued) 


1)16  bond  to  setal  ratio  used  in  the  early  stages  of  these  tests 
net  area  of  bond  in  shear  9.60  in2/net  area  of  metal  in  tension  ,375  in^ 

■  25.6/1  was  too  great  as  the  metal  failed.  When  the  ratio  ms  reduced 
to  19.5/1  the  failures  appeared  in  both  metal  and  bond.  A  safe  limit 
and  Kith  stress  concentrations  minimized  to  assure  bond  failures  Mould 
be  someMhat  less  than  the  latter  figure. 

CONClUSIOKSi 

While  the  results  of  these  tests  are  not  conclusive  they  are  informative  in 
the  folloMlng  regards: 

1.  Bond  endurance  depends  on  bond  primeter  as  veil  as  area;  longer  perimeters 
with  a  given  area  produce  longer  life  within  certain  lij^ts. 

2.  Study  voids  did  not  expand  or  propagate  under  repeated  load. 

3.  Repairable  contamination  voids  are  extremely  difficult  to  produce  as  the 
contaminating  substance  is  hard  to  extract  when  repair  is  to  be  made. 

if.  "Stub-meter"  survey  of  voids  is  only  an  approximation  of  typo  and  size, 

5.  Hany  possible  refinements  of  adhesive  metal  bonding  became  evident  during 
this  testing:  favorable  orientation  of  bond  edges,  control  of  elasticity 
of  adhesives,  uniformity  of  pressures  during  curing  and  reduction  of  stress 
concentrations  that  induce  either  bond  or  metal  ^ati^b.  ' 

6.  Injection  repair  of  voids  is  offoctive  where  the  injected  adhesive  spreads 
throughout  the  voided  area. 

7.  The  ratio  of  bond  area  in  shear  to  metal  cross-sectional  area  in  tension 
should  not  exceed  18  to  1  for  fatigue  tests. 

NOTE: 

The  test  data  from  which  this  repo"t  was  prepared  a.-e  recorded  In  Structures 
Test  Laboratory  Data  Book  No.  4056,  pares  10  and  U . 
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Figure  2  TENSION  TESTS 
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Figure  3  BHIDING  TESTS 
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Figure  4  DIAGONAL  TESTS 
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BEMDlMCj  ^  DIAGOMAL  LOADIW&  RESULTS  —  VOID  PRORA&ATIOW 
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